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Executive Summary

During the fiscal year 2003 (FY2003), the Earth Science Applications (ESA) Directorate at the
NASA John C. Stennis Space Center (SSC) in Mississippi provided systems engineering support for
the National Applications program of the NASA’s Earth Science Enterprise (ESE). The purpose of
the National Applications program is to enable the results from NASA’s Earth science research
activities to serve decision support tools implemented by partner agencies and organizations. The
Applications Division of the Earth Science Enterprise has defined 12 National Applications:

Agricultural Efficiency

Air Quality

Aviation

Carbon Management

Coastal Management

Disaster Management

Ecological Forecasting

Energy Management

Homeland Security

Invasive Species

Public Health

Water Management

Through systems engineering, ESA systematically assimilates results of ESE missions, models, and
technologies into decision support systems (DSSs) that affect policies and societal impacts. The main
DSSs identified for enhancement by assimilation of the ESE results are:

• Agricultural Efficiency: Crop Condition Data Retrieval and Evaluation (CADRE) from the U.S.
Department of Agriculture - Foreign Agricultural Service - Production Estimates and Crop
Assessment Division (PECAD)

• Air Quality: Community Multi-Scale Air Quality Modeling System (CMAQ) and Air Quality
Index Forecasting from the Environmental Protection Agency (EPA)

• Aviation: Aviation Weather Information Network (AWIN) and Synthetic Vision System (SVS)
components of the National Airspace System (NAS) from the Federal Aviation Administration
(FAA)

• Carbon Management: tools developed to implement Section 1605(b) of Energy Act of 1992:
Voluntary Sequestration of Greenhouse Gases from the U.S. Department of Energy

• Coastal Management: Harmful Algal Bloom (HAB) Mapping System (HABMapS) and HAB
Bulletin from the U.S. Department of Commerce - National Oceanic and Atmospheric
Administration (NOAA)

• Disaster Management: Hazards U.S. (HAZUS) from the Federal Emergency Management
Agency (FEMA)

• Energy Management: RETScreen renewable energy project analysis software from the Natural
Resources Canada (NRCan)

• Invasive Species: Invasive Species Forecasting System (ISFS) from the U.S. Department of
Agriculture and the U.S. Geological Survey (USGS)



vi

• Public Health: Environmental Public Health Tracking Network (EPHTN), Arbovirus
Surveillance Network (Arbonet), and Malaria Modeling and Surveillance (MMS) from the Center
for Disease Control and Prevention (CDC)

• Water Management: RiverWare river basin modeling software and Agricultural Water Resources
and Decision Support (AWARDS) from the U.S. Department of the Interior - Bureau of
Reclamation, and Better Assessment Science Integrating Point and Nonpoint Source (BASINS)
from the EPA

The FY2003 systems engineering approach consisted of evaluation, verification & validation, and
benchmarking of the DSSs. The intent of the evaluation process in FY2003 was largely to increase
SSC/ESA’s understanding of several DSSs in anticipation of partner meetings and detailed
requirements studies. Verification and validation (V&V) is undertaken to ensure quality of the
enhanced DSS. DSS results are verified by comparison to technical specifications using in situ
measurements and cross-comparisons with other DSSs, models, and data sources. Interactions with
the DSS end users allow SSC/ESA to validate whether the outcome of the enhanced DSS meets the
functional desires of the DSS owner. In general, V&V conducted in support of the National
Applications occurs on three levels: Data Product V&V, Model and Algorithm V&V, and DSS V&V.
Benchmarking of a DSS is a process of measuring the performance of the DSS according to specified
standards and reference points to document its value and to identify areas for improvements.

Ten lessons learned were identified during the FY2003 DSS evaluations:

• Successful use of NASA observations and predictions within DSSs often evolves from existing
science research performed in collaboration with agency partners.

• The greatest opportunities for integrating NASA data into DSSs are often found with DSSs that
are in early development stages.

• Many of the currently identified DSSs do not fit the Applications Program definition of DSS
(Appendix A).

• It is often difficult to gain access to the appropriate persons to understand DSS operation and
technical requirements.

• Synergy exists between many DSSs and applications.

• The process to bring R&D technology and products to operational use requires significant
investments of time and funds.

• DSS technical requirements and specifications are difficult to identify.

• NASA scientists in residence at operational agencies (or other agency scientists resident at a
NASA center) can foster the incorporation of NASA inputs into operational environments.

• DSS owners and DSS users are not always the same entity. Frequently the user/analyst
involvement will impact the DSS's operation in ways the owner/developer will not have
anticipated.
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• NASA ESE Applications Program definitions for key terms, such as systems engineering,
evaluation, assimilation, and benchmarking, are not always consistent with commonly accepted
use of these terms.

Several key technology drivers and gaps affecting NASA’s ability to meet the DSS enhancement
needs were also identified during the evaluation process:

• Redundancy of systems providing NASA observations

• Continuity of NASA systems and data products

• Size and format of the remote sensing dataset

• Availability of observations in the thermal IR spectral range

• Incorporation of application-oriented system specifications

• Availability of particular product timescales

Based on the FY2003 experiences and the lessons learned, a modified ESA systems-engineering
approach is proposed to make it more effective in future activities. The proposed modifications
include (1) a better integration of the DSS selection process with the other processes that lead to
assimilation of NASA observations and predictions into the enhanced DSS, and (2) a thorough
investigation of alternative NASA inputs to the DSS by building NASA prototypes of the DSS
enhancements.
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1.0 Introduction

In April 2002, the National Aeronautics and Space Administration (NASA) redefined its mission as
follows:

To understand and protect our home planet

To explore the universe and search for life

To inspire the next generation of explorers

 …as only NASA can.

Earth system science is the first element of the NASA mission and it includes understanding the
Earth’s system and its response to natural and human-induced changes, investing in technologies, and
collaborating with others to improve the quality of life and to create a more secure world. Thus, the
mission of NASA’s Earth Science Enterprise (ESE) is:

To develop a scientific understanding of the Earth system and its response to
natural and human-induced changes to enable improved prediction of climate,
weather, and natural hazards for present and future generations.

This mission is intended to increase our knowledge of the Earth as a system of interactive processes.
To accomplish this mission, the ESE has established a science goal to “observe, understand, and
model the Earth system to learn how it is changing, and the consequences for life on Earth” (NASA,
2001). ESE missions and research seek to answer questions related to the Earth’s variability, the
forces acting on it, the Earth’s response, the resulting consequences, and improved predictions.

An important aspect of the Earth Science Enterprise is to ensure that results of ESE research and
technology produce positive impacts for the citizens of the world. Consistent with the ESE mission,
the Earth Science Enterprise Applications Program mission is as follows:

Expand and accelerate the realization of societal and economic benefits from
Earth science, information, and technology.

The ESE Applications Program contributes to the NASA vision by enabling individuals and
organizations in the public and private sectors to routinely deliver and use Earth science information
that saves lives, that improves the quality of life, and that saves resources through improved decision
making. The success of the ESE Applications Program is based on the degree to which it has
evaluated, verified and validated, and benchmarked the capacity of ESE results to serve national
applications through improved decision-support solutions.

The Applications Division of NASA’s Earth Science Enterprise has defined 12 National Applications
that are the highest priority national needs and opportunities (NASA, 2002a, 2002b). The
Applications Division at NASA Headquarters (HQ) has also identified decision support systems
(DSSs) and decision support tools (DSTs) for the National Applications. The goal of the program is
to enhance the National Application DSSs with NASA observations from remote sensing
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systems and predictions from computational models. While the list of the selected DSSs is
subject to change, this report includes those identified as of September 2003, as shown in Table 1.

Table 1. Decision support systems and tools as identified by ESA1.

National
Application

Existing Decision Support Tools / Systems

Agricultural

Efficiency
Production Estimates and Crop Assessment Division (PECAD)

Community Multiscale Air Quality modeling system (CMAQ)

Air Quality

Air Quality Index

National Airspace System (NAS)

Aviation Weather Information Network (AWIN)Aviation

Synthetic Vision System (SVS)

Carbon

Management

Tools developed to implement Section 1605(B) of Energy Act of

1992 (EA92): voluntary sequestration of greenhouse gases

Coastal

Management

Harmful Algal Bloom Mapping System/Bulletin

(HABMapS/Bulletin)

Disaster

Management
HAZUS Risk Prediction

                                                     
1 In September 2003, NASA HQ decided to suspend the Community Growth application because of the time
required for development of national partnerships and decision support systems associated with this application.
Ecological Forecasting was included as a new application because this area provides opportunities to apply
Earth science measurements and predictions to decision support tools focused on ecological resources and
management of ecosystems.
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National

Application
Existing Decision Support Tools / Systems

Ecological

Forecasting
Regional Visualization and Monitoring System (SERVIR)

RETScreen
Energy

Management
Natural Resources Canada (NRCan)

Homeland

Security
None identified

Invasive

Species
Invasive Species Forecasting System (ISFS)

Environmental Public Health Tracking Network (EPHTN) / Health

and Environment Linked for Information Exchange (HELIX)

Arbovirus Surveillance Network (Arbonet) / Plague

Malaria Modeling and Surveillance (MMS)

Public Health

Rapid Syndrome Validation Project (RSVP)

RiverWare

Better Assessment Science Integrating Point and Nonpoint

Source (BASINS)

Water

Management

Agricultural Water Resources and Decision Support (AWARDS)

The Earth Science Applications (ESA) Directorate at the NASA John C. Stennis Space Center (SSC)
in Mississippi provides crosscutting systems engineering support for the National Applications. The
mission of ESA is

To optimize benefits from NASA’s Earth science investments through systems
engineering to advance decision support tools that serve the nation.
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Through systems engineering, ESA systematically assimilates results of ESE missions, models, and
technologies into DSSs and DSTs that affect policies and societal impacts. The Applications Division
framework for accomplishing its mission and the role of SSC/ESA are depicted in Figure 1.

Figure 1. Applications framework and the role of ESA Systems Engineering.

This document describes the work conducted by SSC/ESA in FY2003 in beginning the evaluation of
several DSSs and the lessons learned from these activities. This document also proposes improved
processes for selection, evaluation, verification and validation, and benchmarking of DSSs.

2.0 FY2003 SSC Activities

As mentioned above, the evaluation, verification and validation, and benchmarking of ESE
observations and model predictions within DSSs are critical components of the Applications Program.
Definitions of the terms evaluation, verification, validation, and benchmarking are provided in
Appendix A. In general, the evaluation phase involves understanding the requirements for and
technical feasibility of Earth science and remote sensing tools and methods for addressing DSS needs.
The verification and validation phase includes measuring the performance characteristics of data,
information, technologies, and/or methods, and assessing the ability of these tools to meet the
requirements of the DSS. In the benchmarking phase, the adoption of NASA inputs within an
operational DSS and the resulting impacts and outcomes are documented.
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The SSC Earth Science Applications Directorate is using a systems engineering approach for the
assimilation of NASA data into the partner-agency DSSs. This standard systems engineering
approach is summarized in Figure 2 along with its relationship to the evaluation, verification and
validation (V&V), and benchmarking processes used in incorporating NASA contributions to
decision support systems and tools. Use of systems engineering principles leads to scalable, systemic,
and sustainable solutions and processes, which in turn contribute to the success of the mission, goals,
and objectives of each National Application.

Figure 2. Systems engineering approach (adapted from Bahill and Gissing, 1998).

2.1 FY2003 Evaluation Approach

The systems engineering approach starts with the Selection of a DSS that has been developed, or is
currently under development, by a federal agency that can potentially be enhanced by NASA
observations or predictions. During the FY2003 activities, the DSS selection was made at NASA HQ,
and the SSC work began with the Evaluation process (outlined in Figure 3). The intent of this process
in FY2003 was largely to increase SSC’s understanding of several DSSs in anticipation of partner
meetings and detailed requirements studies. The evaluation process began with the development of a
one-page summary giving a short description of the DSS function, the Federal agency owner, the
national application involved, point of contact (POC) information, operational status, and a cursory
look at potential use of NASA data. For the one-page summary, information was collected through
searches of open literature and the Internet, and by individual phone and e-mail contacts with people
familiar with the DSS. In addition to the DSSs identified by NASA HQ, one-page summaries were
created for other decision support systems and tools with the potential to benefit from NASA inputs.
In this manner, a decision-support system knowledge base was built for use by application program
managers as a pool of potential opportunities for NASA. In total, more than 40 one-page DSS
summaries were created with a possibility for enhancement with NASA data from remote sensing
observations and computational modeling predictions. The one-page summaries are included as
Appendix D of this report.
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In the next step, a first-look evaluation was performed starting with information from the one-page
summary. This first-look evaluation assessed relevance of the DSS to a national application and its
synergy with other DSSs and national applications. Technical requirements for inputs and outputs of
the DSS were also identified to allow for prediction of NASA contributions to the DSS. In addition,
the first-look evaluation defined the next steps toward a possible NASA partnership with the DSS
owner (e.g., Federal agency visit). Additional follow-up conversations with the DSS owner and
people familiar with the DSS were conducted by phone when necessary. A strong knowledge of the
existing ESE inventory of missions, sensors, products, and models is a valuable resource during the
evaluation.

This ESE missions, sensors, products, and models inventory was developed to facilitate
communications between NASA’s Earth Science Enterprise Applications Division and its partners,
specifically owners and operators of decision support systems. The material is directed at operational
users (e.g., other agencies) rather than scientists, and it is intended to capture information relevant to
these operational users. The inventory includes several hundred slides presenting top-level
information on missions, sensors, data products, and models within NASA, other government
agencies, foreign governments, and the commercial sector. The inventory slides are shown in the
document accompanying this report.

Figure 3. SSC evaluation steps.
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2.2 Results of First-look Evaluations

The ESA Directorate has conducted first-look evaluations for several DSSs identified by NASA HQ:

• Crop Condition Data Retrieval and Evaluation (CADRE) for Agricultural Efficiency,

• Hazards U.S. (HAZUS) for Disaster Management,

• Agricultural Water Resources and Decision Support (AWARDS) for Water Management,

• RiverWare for Water Management,

• Community Multi-Scale Air Quality Modeling System (CMAQ) for Air Quality,

• Harmful Algal Bloom (HAB) Mapping System and Bulletin for Coastal Management.

Some of the first-look evaluations were requested by the application program managers, while the
others were undertaken to build SSC’s knowledge and capacity to support assimilation of NASA
inputs within the various application areas. Brief descriptions of the DSSs and results of the first-look
evaluations are provided below. Complete presentations regarding the first-look evaluation results are
included in Appendix E.

CADRE/PECAD is a geospatial database management system used by analysts of the U.S.
Department of Agriculture (USDA), Foreign Agricultural Service (FAS), Production Estimates and
Crop Assessment Division (PECAD) for assessments of global crop conditions and for estimates of
area, yield, and production for grains, oilseeds, and cotton. Datasets stored in CADRE include daily
meteorological observations from weather stations and satellites, crop modeling results, and remote
sensing imagery/products from the following satellite sensors: the National Oceanic and Atmospheric
Administration (NOAA) Advanced Very High Resolution Radiometer (AVHRR), and SPOT
VEGETATION. During the first-look evaluation, it became apparent that CADRE is only one part of
a broader decision-making environment at PECAD. That environment can be enhanced with several
MODIS land data products as well as with precipitation and rainfall data from the Tropical Rainfall
Measuring Mission (TRMM), a joint effort of NASA and the National Space Development Agency of
Japan.

HAZUS is a natural hazard loss estimation methodology supported by the Federal Emergency
Management Agency (FEMA) and implemented through PC-based geographic information system
(GIS) software. HAZUS was first developed to assess the effects of earthquakes but has now
expanded to include models to address flooding and wind (hurricane) hazards (multi-hazard
methodology: HAZUS-MH). HAZUS is mainly used by federal, state, and local government officials
for risk assessment and mitigation planning. The first-look evaluation determined that the best
opportunity for NASA contribution would be in validation of an improved wind damage model being
developed for HAZUS. The validation is based on comparison of surface roughness estimates based
on digital elevation models (derived from Light Detection and Ranging, Interferometric Synthetic
Aperture Radar, or aerial photography measurements), flux tower anemometer measurements, and
land cover/land use models derived from high-spatial-resolution remote sensing imagery.

AWARDS has been developed by the Bureau of Reclamation of the U.S. Department of the Interior.
This DSS improves the efficiency of water management and irrigation scheduling by providing
guidance on when and where to deliver water and how much to apply. It is based on data streams
from the Next Generation Weather Radar, or NEXRAD, radar network (hourly precipitation and daily
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rainfall) and the NOAA weather stations (daily observations). Reservoir system operators, water
district managers and staff, and irrigation organizations use AWARDS system products via the
Internet to make operational decisions. The ET Toolbox extension of AWARDS generates
evapotranspiration estimates and provides water use inputs for the RiverWare DSS that supports
water management decisions. NASA is already involved in the AWARDS enhancements through the
Land Data Assimilation System group at the Goddard Space Flight Center. This group is working on
integration of the North American Land Data Assimilation System into the ET Toolbox to improve
water operations. Another NASA contribution may be in the form of validation of the
evapotranspiration estimates based on cross-comparison of AWARDS/ET Toolbox predictions with
flux tower measurements and model calculations derived from remote sensing imagery.

RiverWare is a flexible general river basin modeling tool that allows water resources engineers to
simulate and to optimize the management of multipurpose reservoir systems. The software was
developed at the University of Colorado with support from the U.S. Bureau of Reclamation (USBR)
and the Tennessee Valley Authority (TVA). The USBR has replaced both its long-term policy and
planning model (Colorado River Simulation System) and its mid-term operations model (24-Month
Study) for the Colorado River with RiverWare rule-based simulation models. These models are used
for policy negotiations, for estimating future salinity mitigation needs, and for setting the monthly
target operations for the entire river basin. The TVA uses RiverWare in simulation and optimization
modes for daily scheduling of more than 40 reservoirs and hydroelectric plants. Operating
considerations include controlling floods, maintaining navigable depths, protecting aquatic
communities, providing suitable levels and releases for recreation, and achieving economical
hydropower generation schedules. Many other federal, state, and local government agencies also use
the RiverWare software for water management purposes. First-look evaluation results suggest that
NASA measurements of air temperature, solar irradiation, and precipitation may enhance this DSS.

CMAQ has been developed by the Environmental Protection Agency (EPA) for modeling of multiple
air quality issues, including tropospheric ozone, fine particles, toxics, acid deposition, and visibility
degradation. CMAQ is designed to have multi-scale capabilities so that separate models are not
needed for urban-scale and for regional-scale air quality modeling. CMAQ is used by many
government agencies and by other organizations both in the United States and abroad. Many NASA-
generated datasets are already used in CMAQ, but CMAQ might assimilate additional NASA
measurements, such as those of atmospheric particles and trace constituents as well as of
extraterrestrial irradiation.

HAB Mapping System and Bulletin: The HAB Bulletin provides information to the management
community in the Gulf of Mexico during a bloom event. HABMapS is an interactive mapping tool
that can be used to access recent data on harmful algal blooms in the Gulf of Mexico and on the
environmental conditions that may affect the spread of these blooms. Both tools rely on remote
sensing technology to provide the large spatial scale and high frequency of observations required to
assess bloom location and movements. These tools can be used together to provide a regional
perspective on harmful algal bloom events.

Additional first-look evaluations were conducted in support of the Coastal Management National
Application. To expand the opportunity pool of DSSs considered for enhancement with NASA data,
the following decision support systems and tools were investigated:

• Better Assessment Science Integrating point and Nonpoint Sources (BASINS),
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• Coral Reef Environmental Warning System (CREWS),

• General NOAA Oil Modeling Environment (GNOME),

• Protected Area Geographic Information System (PAGIS),

• ReefBase,

• System on AWIPS for Forecasting and Evaluation of Seas and Lakes (SAFESEAS),

• Spatial Wetland Assessment for Management and Planning (SWAMP),

• Water, Soil, and Hydro-Environmental Decision Support System (WATERSHEDSS).

Among these DSSs, ReefBase has the greatest potential to benefit from NASA contributions.
ReefBase is owned by the World Fish Center, an autonomous, non-governmental, nonprofit,
international scientific and technical center organized to conduct, stimulate, and accelerate research
on all aspects of fisheries and other living aquatic resources. The operational concept of ReefBase
includes development of a relational database for structured information on coral reefs that will serve
as a computerized encyclopedia and analytical tool for use in reef management, conservation, and
research. NASA contributions to the ReefBase enhancement may consist of supporting an ongoing
effort to populate ReefBase with satellite and aircraft imagery of the world’s coral reefs and
developing standard indicators (based on satellite imagery) of reef health, productivity, and economic
value.

During FY2003, ESA Systems Engineering also supported evaluation and, in some instances,
benchmarking of decision support systems and tools for the Public Health and Air Quality National
Applications as well as those utilized by the TVA. The Public Health Applications Team activities
were described in the SSC FY2003 Report of Activities. Initial technical meetings were held with
representatives from the Center for Disease Control and Prevention’s (CDC) National Center for
Infectious Disease (NCID) and National Center for Environmental Health (NCEH). Each group met
with NASA separately to evaluate and discuss technical requirements, capabilities, and areas of
opportunity for collaboration whereby Earth science and remote sensing could be used for public
health decision support. Reports of Findings from both meetings were generated for NASA HQ
program planning purposes. Benchmarking of MODIS data products for Air Quality Index PM2.5
Forecasting is currently underway, and an ESA team will document these efforts by November 2003.
Another ESA team investigated the potential for collaborative projects between NASA and the TVA
under those National Applications of interest to the TVA. NASA observations of atmospheric trace
gases and surface temperature were considered as inputs to DSSs and DSTs used by the TVA. A
prototype data product that incorporates information from NASA data has been developed as well.

2.3 In-depth Evaluation and Reverse Engineering

After a first-look evaluation was completed and evidence suggested that the DSS had potential to
benefit from NASA observations and predictions, an in-depth evaluation began in partnership with
the DSS owner (Figure 4). The FY2003 activities were concentrated on conducting in-depth
evaluations for two DSSs: HAZUS and CADRE/PECAD. The DSS missions were researched
thoroughly to determine their operational requirements, funding profiles, relationships to the national
applications, relevance of NASA capabilities, and understanding of DSS applicability to NASA
partnership criteria as defined in the ESE Applications Strategy (NASA, 2002a). Once these items
were addressed, the DSSs were reverse engineered by NASA personnel to develop specifications that
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could improve the DSS solutions, identify important measurements and models, and assess existing
NASA assets (Figure 5). During this phase, the NASA team answered questions such as these:

Figure 4. In-depth evaluation.
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Figure 5. Reverse engineering paradigm (NASA, 2002a).

• What missions will provide measurements?

• What models or computational technologies are available?

• What information systems are necessary?

• How can NASA data, products, or models be modified to serve better the needs of the DSS?

As part of this process, alternative NASA inputs were also investigated that helped uncover key
drivers and gaps in meeting DSS needs and requirements. These insights are intended to serve as
feedback to the Earth Science Technology Office (ESTO) for potential future investments.

Each complete evaluation process was documented with a report that defined the baseline DSS,
described requirements for improvements, and identified NASA products and models to be
incorporated. The evaluation reports were based on the following outline:

• Background description of DSS: What is it? How does it work? Who uses it?

• Detailed description of DSS: Architecture, modules, inputs, outputs, technical details, etc.

• Possible NASA inputs and description of how inputs would be used

o Discussion of all the possible measurements and predictions, including those for
which specific implementation plans exist
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o Planned data flow charts when available

• Identified NASA technology gaps in meeting DSS needs

• Recommendations/Next Steps:

o Preliminary (conceptual) plans for implementation, V&V, and benchmarking of the
DSS

The evaluation reports created for the PECAD/CADRE and HAZUS DSSs are provided in documents
separate from this report.

2.4 Verification, Validation, and Benchmarking

As described above, the majority of FY2003 activities centered on beginning the evaluation of several
DSSs. In addition, initial processes for the V&V and benchmarking phases have been defined as
outlined in Figure 6.

The V&V component to this systems engineering approach is closely connected with the design and
implementation phase. During this phase, NASA capabilities are integrated into the DSS to generate
products, solutions, and outputs. To ensure the quality of the output, results are verified by
comparison with technical specifications using in situ measurements and cross-comparisons with
other DSSs, models, and data sources. Furthermore, NASA then interacts with the end users to
validate whether the outcome of the enhanced DSS meets the functional desires of the DSS owner.

In general, verification and validation conducted in support of the National Applications occurs on
three levels:

• Data Product V&V,

• Model and Algorithm V&V, and

• DSS V&V.

The V&V process levels may be viewed collectively as a pyramid, shown in Figure 7, with the Data
Product level as a foundation and with the DSS level at the top. In this sense, data products must be
well understood and characterized to provide meaningful input into NASA’s models and algorithms,
which must be verified and validated before they are input into DSSs. DSSs in turn must be verified
and validated to ensure they are meeting national needs and requirements.



13

Figure 6. V&V and benchmarking phases.

V&V activities undertaken on the Data Product level investigate resolution and accuracy of data
products derived from observations made with sensors deployed during ESE missions or from
predictions made with Earth system modeling and simulations. These V&V activities are a critical
step in the V&V process because all subsequent steps build upon this foundation. As part of these
V&V activities, interaction with the ESE Earth Observing System (EOS) calibration/validation
(cal/val) community will take place to understand and translate better the state of the ESE data
product validation. New NASA products may be developed that are specific to a particular DSS, and
they must be validated as well.

On the Model and Algorithm level, V&V activities focus on determining that a model implementation
accurately represents the developer’s conceptual description and specifications, and that the model is
an accurate representation of the real world from the perspective of the intended uses of the model. In
these activities, simulated data products are often used instead of actual products to control key data
product parameters and to study their effects on model predictions. The simulated data products can
be generated with such tools as the Applications Research Toolbox (ART) (Zanoni, 2002). While
validation on the Data and Product Characterization level can be seen as a process of validating direct
results of observations, validation on the Model and Algorithm level can be thought of as a process of
validating indirect results and predictions created from the observations. In this sense, the Model and
Algorithm level validation also requires conducting advanced laboratory and field experiments
supported by state-of-the-art instrumentation (Ryan, 2002). NASA has been conducting such work as
part of the Scientific Data Purchase V&V and EOS cal/val team activities and is well equipped to
support it in the future (Pagnutti, 2002).
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Figure 7. V&V pyramid.

On the DSS level, V&V activities focus more on the software engineering methods discussed above.
As the DSS enhancements are undertaken in partnership with other federal agencies and
organizations, methods used by the DSS owners to verify and validate outputs of their DSSs are
applied again to the DSS enhanced with NASA inputs. While DSS operations rely on processing of
many datasets and on combining outputs of many models, some direct field experiments may still be
conducted to validate the enhanced DSS results.

When the DSS is a computer program that analyzes and presents data so that users can make
decisions more easily, then V&V of the DSS can be based on testing methods developed for software
engineering. To perform its functions of analyzing and representing data, such a DSS incorporates a
model of the realm for which the decision-making takes place. In this context, verification of the DSS
is a process of determining that a model implementation (coding) accurately represents the
developer’s conceptual description and specifications, while validation is a process of determining the
degree to which the model is an accurate representation of the real world from the perspective of the
intended uses of the model (DoD, 2003). V&V of the DSS enhancement involves only those parts of
the software that are being enhanced by assimilation of NASA ESE data and products. The V&V
processes intertwine with the process of implementing the enhancements and include the following
steps:
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• When rudimentary functionality for using ESE datasets is implemented in the DSS, experiments
with small representative datasets are conducted.

• After functionality for using the ESE datasets in the DSS is improved, experiments with full-scale
datasets are performed.

• With functionality for using ESE datasets in the DSS adjusted to conform to NASA data
interfaces, experiments with actual datasets using simulated interfaces to existing ESE systems
are conducted.

• When a prototype of the enhanced DSS is completed, validation and benchmarking with actual
datasets in the simulated environment can be performed.

• In the final V&V step, the prototype of the enhanced DSS is made available for demonstration
and testing using operational interfaces to ESE datasets.

The final component to this systems engineering approach involves benchmarking the enhancements
made by NASA on the partner-owned DSS. During this final phase, the impact of NASA input on the
DSS output is measured and quantified. The measurements include such tangibles as the cost to
operate; the time to produce results; the accuracy, quality, and reproducibility of DSS results; the
socioeconomic impact; and the enhanced DSS’s ability to fill a previously unmet need of the DSS
owner.

Benchmarking of a DSS is a process of measuring the performance of the DSS according to specified
standards and reference points to document its value and to identify areas for improvements. A
benchmark denotes a widely recognized reference point by which performance of other systems is
measured, compared, and evaluated. If a standard reference point does not exist, then benchmarking
refers to measuring the performance to establish a standard of reference. In the case of DSS
enhancements, assessing performance of an original DSS without enhancements being implemented
first creates the baseline benchmark, and then performance of the enhanced DSS is assessed and
compared with the baseline.

The benchmarking component should make use of existing techniques widely used within the
community that owns the now-enhanced DSS. These existing techniques need to be reviewed,
understood, and possibly augmented to ensure that they properly measure the NASA enhancements
before they are used as a tool. By embracing partner benchmarking tools and techniques, NASA ESE
improves the likelihood that our partners will become familiar with the benchmarking process and
results, accept the results, and take ownership of the results. In addition, making use of already
existing applicable benchmarking techniques is a more cost-effective way of measuring the
enhancements that NASA ESE has made to the DSS.

3.0 Lessons Learned

The SSC FY2003 evaluation activities have produced several lessons learned, which are described
below in no particular priority or order of importance.

Lesson 1. Successful use of NASA observations and predictions within DSSs often evolves
from existing science research performed in collaboration with agency partners.
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NASA is already involved with some DSSs. For example, some of the MODIS
Science Team members and their peers are either directly or indirectly collaborating
with owners of DSSs using MODIS data. The MODIS Land Rapid Response system
for forest fires monitoring, in collaboration with the U.S. Forest Service, is the best
example of such work. Some of these and other heritage efforts should be mined and
aligned with the new National Applications approach to continue the most successful
activities and leverage from existing research and relationships.

Recommendation: Identify and continue supporting existing, DSS-related NASA
projects that produce valuable results.

Lesson 2. The greatest opportunities for integrating NASA data into DSSs are often found
with DSSs that are in early development stages.

Most of the DSSs examined are mature. It is sometimes more difficult to insert
NASA data into mature systems for the following reasons:

1) Limited flexibility in the DSS to allow integration of alternate data sources with
scale and data formatting issues.

2) Resistance from operational users. When a DSS is being used operationally, the
owner/user may be hesitant to introduce any changes in the input for fear of the
resulting changes in the output.

On the other hand, if the DSS developers are introduced to the NASA data early in
the DSS’s development, the DSS can be built with NASA data/models in mind and
the DSS can grow with the NASA data, maturing into a product with which the
owner/user is comfortable. This fact is illustrated by the development of some of the
DSSs where the developers made that linkage with NASA’s data early on. For
example, NOAA’s HABMapS uses satellite data from NASA’s QuikSCAT
SeaWinds instrument to help monitor harmful algal blooms in the Gulf of Mexico.
Thus, to make the most significant impact on a DSS it is best to get involved in the
embryonic stage of development and work through the process (typically 5 to 7
years) with the collaborators and DSS developers. To insert NASA into a DSS at the
end of the process will normally be very difficult.

Recommendation: Seek opportunities to work with DSSs in their early stages.
Examples: ReefBase, the Environmental Public Health Tracking Network (EPHTN),
and HAZUS-MH.

Lesson 3. Many of the currently identified DSSs do not fit the Applications Program
definition of DSS (Appendix A).

A majority of the DSSs studied do not perform a decision-related function, such as
applying a model or performing analysis. They simply incorporate data into a GIS
environment to make the data easier to view. Decisions are supported only in the
sense that being able to view data at common scales and in a user-friendly
environment makes life easier for a decision-maker. In addition, many DSSs fall into
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the category of outreach. Agencies have outreach activities that seek to generate
interest in their functions by students and the public. Many of the DSSs appear to
satisfy an outreach role, but they do not support operational decisions. NASA’s
systems engineering team cannot anticipate the array of “decision-making
capabilities” that it will encounter in the future. For example, primary role of human
element (analysts) in the PECAD decision support process makes quantitative
benchmarking more difficult. However, the team will learn to make the distinction
between actual DSSs and other management tools that do not fit the Applications
Program definition of a DSS.

Recommendation: In addition to the term “DSS,” use terms such as “decision
support tools,” “decision support environment,” “decision making processes,” and
others to describe more accurately the tool being evaluated. Ensure that definitions of
the new descriptive terms are documented for use with similar procedures in the
future. Additionally, when the evaluation team encounters a tool that does not
support decision-making or fit the definition of a DSS, it should seek guidance on
NASA’s interest in participation.

Lesson 4. It is often difficult to gain access to the appropriate persons to understand DSS
operation and technical requirements.

To truly understand a DSS’s operation and technical needs, detailed conversations
with DSS developers and operators are required. In many cases, programmatic issues
have caused delays in identifying the appropriate persons and in scheduling detailed
discussions. In these cases, the NASA systems engineering teams have used the
Internet and other public sources to access information. However, the Internet can be
a misleading source of information. Many Web pages are out of date by several
years.

Recommendation: Empower the NASA system engineering teams to establish
personal contacts for accessing detailed DSS information.

Lesson 5. Synergy exists between many DSSs and applications.

Public Health and Air Quality overlap in that poor air quality (e.g., smog, ozone) has
a negative impact on respiratory health. Water Management practices impact
irrigation potential for Agricultural Efficiency, and agricultural practices (e.g., use of
fertilizer) affect water quality. Many opportunities exist to find cross-cutting
solutions to multiple applications and DSSs. Identification of synergies has been
enabled by an independent systems engineering team providing support to all
applications and DSS evaluations.

Recommendation: Continue to have an overall systems engineering team that
provides support to all applications so that NASA can identify opportunities to
exploit synergy as a third-party broker between related DSS and application partners.

Lesson 6. The process to bring R&D technology and products to operational use requires
significant investments of time and funds.
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NASA products have been designed to answer science questions at a global scale and
not necessarily to support operational applications that often have regional or
location-specific requirements. For example, many MODIS products are several-day
composites gridded at spacings much greater than the intrinsic data. For many
regional problems it will be advantageous to have 1 km resolution or better products
produced daily or in near real time. In other cases, applications research activities are
needed to bring NASA measurements and model outputs into DSSs. These examples
require funding and time for applications research, new product development, and
V&V before integration within a DSS can begin.

Recommendation: Create rapid prototype product capability that can develop new
application-specific products to be generated by direct broadcast receiving stations or
the current Distributed Active Archive Centers (DAACs).

Recommendation: Provide seed funding for applications research to move NASA
research outputs into operational environments.

Lesson 7. DSS technical requirements and specifications are difficult to identify.

DSS owners/operators may not have a complete understanding of the technical
requirements for remotely sensed data and information. Very few systematic studies
have been performed that produce true input specifications for DSSs. For example,
the data types and the remote sensing requirements for spatial, spectral, and temporal
resolutions are not well known for many applications. This creates difficulty in
understanding the needs of the DSS and the limitations of proposed data
sets/products a priori. The lack of requirements definition limits the ability to select
appropriate technologies to meet DSS needs and to make recommendations to ESTO
about the specifications of new systems.

Recommendation: NASA must take the lead in working with other agencies to
develop specifications for improvements/enhancements or for development of new
DSSs.

Lesson 8. NASA scientists in residence at operational agencies (or other agency scientists
resident at a NASA center) can foster the incorporation of NASA inputs into
operational environments.

As mentioned in Lesson 6 above, new product development and/or applications
research is often needed to transition a NASA research output into an operational
DSS input. This type of research, done collaboratively with a partner agency, can be
greatly facilitated by resident scientists from NASA working together on a daily basis
with operational users to understand technical requirements, and to develop and test
NASA inputs to serve partner needs.

Recommendation: NASA should leverage from and seek opportunities for detail
assignments with partner agencies to further accelerate applications research and
operational use of NASA observations and model predictions.
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Lesson 9. DSS owners and DSS users are not always the same entity. Frequently the
user/analyst involvement will impact the DSS's operation in ways the
owner/developer will not have anticipated.

There are instances where the DSS developer is not the user (or at least not the only
user) of the DSS they develop. For example, RiverWare is owned and used by the
U.S. Bureau of Reclamation and the Tennessee Valley Authority. It is supported,
maintained, and continually enhanced by the University of Colorado's Center for
Advanced Decision Support for Water and Environmental Systems. However there
are 19 other separate RiverWare users identified in Appendix E. A similar scenario is
true for HAZUS. All of these stakeholders influence the operation of the DSS and are
potentially impacted by changes in the DSS. They should be represented in the
evaluation, V&V, and (especially) benchmarking processes.

Recommendation: Form additional partnerships with users of the DSS so effective
and truly representative benchmarking can be done.

Lesson 10. NASA ESE Applications Program definitions for key terms, such as systems
engineering, evaluation, assimilation, and benchmarking, are not always
consistent with commonly accepted use of these terms.

Some NASA definitions are confusing to partner agencies and operational users. In
addition, a certain amount of inconsistency exists within the NASA Applications
teams on the use of these terms. In most cases, commonly accepted definitions can be
found through simple Internet and literature searches.

Recommendation: NASA should develop a simplified set of key terms and
definitions that are consistent with commonly accepted (i.e., outside of NASA) uses
of such terms.

4.0 Key Drivers and Gaps

While many current observations from NASA missions and predictions from NASA-supported
computational models can be used to enhance decision support systems and tools from other agencies,
some gaps in meeting DSS needs still exist. General technology gaps are briefly discussed below.
Gaps in more specific technologies are described separately in the specific DSS evaluation reports.

System Redundancy: Partner agencies with operational DSSs are naturally concerned about
redundancy in crucial data sources. Agencies that rely on DSSs (and on the data that feed them)
cannot afford an unrecoverable loss of data. When any critical source of data fails, a replacement
system must continue to provide the necessary data for the DSS and for the partner agency. If
NASA’s data sources were to be critical to the DSS’s operation, NASA would have the same
constraints. Partner agencies are concerned about the lack of backup systems to NASA data sources.
Consider, for example, that Landsat 7 ETM+ has only an inferior backup system provided by
Landsat 5 TM versus the redundancy in weather satellites such as NOAA’s Geostationary Operational
Environmental Satellites (GOES) and Polar Operational Environmental Satellites (POES) (not to
mention the Defense Meteorological Satellite Program, Meteosat, etc.). If one of these satellites fails,
another satellite is typically in preparation for launch. Such operational backup systems do not exist



20

for most NASA EOS satellites. The thought is that many NASA measurements can provide data for
applications research, but not for applications operational deployment.

System and Product Continuity: Incorporation of NASA inputs into an operational environment
will also depend on the long-term availability of that input. Partner agencies are often concerned that
there is little continuity in NASA data sources, and termination of a current mission results in an
unrecoverable loss of data for the partner agency. For NASA input data to be accepted into an
operational DSS, a follow-on mission (satellite, sensor) must be clearly defined and a commitment to
the mission must be made. Alternatively, some partners are more concerned with “product continuity”
rather than “system continuity.” For example, a partner interested in using a data product currently
available from a short-term mission/sensor might be satisfied with a similar product created from
another mission/sensor available in the long-term. Referring to the weather satellites again, although
neither GOES nor POES can perform the other’s job as well as its own, the meteorological
community does not hesitate to use data from either satellite if the other fails and critical data for
operational forecasts is needed. Moreover, commercial and foreign data sources also have potential to
fill gaps in system and product continuity.

Data Size and Format: The EOS data format is not easily incorporated into many operational
environments. Besides data in the HDF/HDF-EOS format, ESE datasets should be produced in
formats more widely accepted in the GIS software. In addition, partner agencies often desire
reasonably sized datasets that can be easily managed and manipulated without requiring state-of-the-
art computational systems. A solution to this problem may be a new, applications-oriented DAAC
that will process (reformat) and resize the datasets and will distribute them to partner agencies and
local/state government users.

Thermal IR: Many operational applications use thermal infrared (TIR) or mid-wave infrared
(MWIR) data, although traditionally TIR has been used more than MWIR. For example, TIR data is
used for evapotranspiration measurements in agricultural monitoring. TIR data can also be used by
water management agencies such as the TVA to monitor water temperatures in power plant
operations. MWIR data is useful in forest fire management because it can see through smoke and
identify hot spots. MODIS provides a source of MWIR data that should continue into the near future;
however, TIR support is not scheduled to continue. Many applications, such as agricultural
monitoring, depend on this type of data and will be affected by lack of follow-on to the Terra
Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) sensor and lack of the
thermal IR band in the Landsat Data Continuity Mission (LDCM). NASA must invest in TIR satellite
observations with moderate spatial resolution (<100 m GSD).

System Specifications: Application needs must be taken into account when specifications for a new
mission are developed. Many NASA missions could provide very useful measurements for the
National Applications, but such crucial mission specifications as coverage area, revisit time, and
spatial resolution are insufficient for the application requirements. For example, the TRMM rain
measurements could be even more useful if available for higher latitudes, and future Landsat datasets
would find more applications if produced with a revisit time shorter than 16 days by using multiple
Landsat satellites on shifted orbits.

Product Timescales: Many NASA data products are produced on timescales that are not consistent
with the needs of a given DSS. For example, certain MODIS data products that have potential
application in the PECAD agriculture decision-making environment are produced on 8- and 16-day
timescales. However, PECAD uses a 10-day timescale to produce its agricultural production
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estimates. In such cases, investments in new product development (e.g., a 10-day MODIS product)
may be necessary to meet the needs of operational users.

5.0 Proposed DSS Selection, Evaluation, V&V, and Benchmarking
Processes

Based on experiences and lessons learned in FY2003, an improved process for selection, evaluation,
verification and validation, and benchmarking of DSSs is proposed. The proposed process is
presented here in two parts: the DSS selection process and the DSS evaluation, verification &
validation, and benchmarking process.

5.1 DSS Selection Process

Figure 8. Assimilation approach (Kaupp et al., 2003).
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The objective of the DSS selection process is to establish a disciplined, analytical approach for
determining which opportunities offer the best chance for successful assimilation of NASA science,
data, technology, and/or models that meet DSS requirements and offer significant enhancement of
DSS capabilities. The selection process focus is the preliminary stages of the “Approach To
Assimilation” proffered by Kaupp et al., 2003 (Figure 8). The major objectives of the preliminary
stages are to identify DSSs, to conduct zero-order assessments, and to identify the assimilation
potential of the NASA-offered observations and predictions. As will be seen, the selection process
discussed in this section aligns with the concepts embodied in the cited reference.

5.1.1 Opportunity Identification

The selection process begins by identifying opportunities and candidate DSSs that may benefit from
the assimilation of NASA observations and predictions. Opportunity identification can/will come
from a wide variety of sources (see Figure 9). Few if any restrictions are applied at this juncture. The
goal is simply to collect general information (e.g., technical and non-technical, name, location,
intended purpose) concerning the DSS. The information sources are equally unrestricted. Virtually
anyone who has an interest in the DSS, the problem it addresses, and/or the science technology
involved may provide input, which develops a potential opportunity pool from which to begin the
selection process. This open method of collecting DSS identification information will soon yield a
large number of potential opportunities, which burdens the methodology with selecting a high-quality
subset that offers high potential for success. Succeeding paragraphs discuss that methodology.

Figure 9. DSS opportunity identification.
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5.1.2 Selection Steps

The DSS selection process is based on lessons learned from working DSS-related issues during
FY2003 (the Baseline) and from a model2 for business development used in the aerospace and
defense industry for the front-end analysis of business opportunities. In the latter process, the front-
end analysis focuses on selecting opportunities with the highest probability of success, which is
precisely the issue faced regarding the selection of DSSs wherein the assimilation of NASA science,
data, technology, and/or models offers the best chance of success. As depicted in Step 1 of Figure 10,
the process begins with the NASA Assimilation Team (AT), which has responsibility for the entire
process, investigating the DSS opportunity pool to identify specific opportunities that appear to have
a high probability of successful assimilation of NASA observations and predictions. This decision
will be based primarily on the requirements of the DSS, as driven by its mission, goals, and/or
objectives. The key question is: “Can NASA science, data, technology and/or models help in meeting
DSS requirements?”

Figure 10. DSS selection process.

                                                     
2 This model is based on experience in business development at Northrop Grumman and LTV
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The cognizant Application Program Manager will form the NASA AT. Multiple teams may be
formed, but the teams should all operate under the guidelines outlined in this process to ensure
consistency of output. The composition of this team will cover the spectrum of required technical,
business, analytical, and interpersonal skills necessary for success. The team will be accountable for
its success. It is important to note that success in one form might be a successful partnership
agreement, while in another form success might be a decision not to pursue a particular DSS. This
selection process embodies an approach to planning and analysis that will reveal these alternatives.

Table 2. Initial proposed DSS Interest Criteria.

Interest Criteria

Fit DSS/DST definition

Opportunity for partnership

DSS Characteristics

Current State (planning/prototype, operational, mature)

Mission, Goals, Objectives (clear)

Operational concept (feasible)

Required outputs (known and related to mission, goals, objectives)

Program plan (achievable)

Appropriate for NASA

Compatible with NASA Mission

Fits NASA investment portfolio

National applications-related

NASA technology meets DSS requirements (DSS enhancement potential)

(Includes ARL – see section 5.1.3 below)

NASA has science, data, technology and/or models that match DSS output requirements

NASA application maturity/readiness levels meet DSS timelines

Cost of Participation to NASA

Time

Dollars

Offers Measurable Outcomes

Barriers

The second step in the process is to determine if the DSS opportunity selected fully meets NASA
Interest Criteria. A set of Interest Criteria developed based on experience to date is provided in Table
2; a more detailed description of the Interest Criteria is provided in Appendix C. This list will be
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reviewed and validated in collaboration with NASA HQ and other Centers during FY2004. These
criteria might change over time, but it is essential that NASA apply a consistent set of interest criteria
that provide an objective basis for selecting the opportunities with the best chance for success and
best returns on NASA investment. Since DSS data and information at the beginning stages of the
selection process may be collected and analyzed absent the benefit of contact with an Owner POC,
the data will be less detailed than at later stages. However, the opportunity-rich environment still
requires a process that can eliminate high-risk low-value endeavors before significant resources are
expended.

The first two criteria require only yes or no answers. A yes means continue, a no means stop (hence
“Go / No Go”). For example, the system under investigation may meet the DSS definition (“Go”) but
may not be suitable for a partnership (“No Go). Since only DSSs amenable to partnering for
assimilation of NASA observations/predictions are of interest, the system is dropped from further
consideration (and resource expenditure). A scoring and weighting scheme is proposed for
development in conjunction with NASA HQ and other Centers in FY2004. This step may simply
quantify answers, which were arrived at subjectively; however, it ensures that there is a consistent set
of criteria to help decide which DSS opportunities to pursue. The remaining criteria should be scored
and weighted based on their importance to NASA. Criteria development is an evolutionary process;
over time, the list and approach should be refinable and, ultimately, a methodology should be derived
to develop such dimensions as minimum scores and weighting factors.

All of the information may not be available early in the process, especially before contact with a DSS
POC (Step 3). IT IS, THEREFORE, IMPORTANT TO NOTE THAT THE INTEREST CRITERIA
WILL BE REVISTED AND REFINED THROUGHOUT THE SELECTION PROCESS to include
the Pursue phase (see below). As implied by this approach, a DSS may at first be of interest but, as
information/data are collected and analyzed, this interest-level evaluation may change from positive
to negative. The main point is that needed evaluation will be done before a DSS is selected for major
attention and investment. This approach is a major improvement to the FY2003 process where, in
many cases, selections were made before systematic evaluation was performed.

Having decided that NASA has a valid interest in enhancing a specific DSS, contact with the DSS
ownership must be established and a DSS POC must be determined (Step 3). To this point, the DSS
has primarily been examined based on open-source materials. Now direct contact and continuous
contact with the owner Agency is necessary. NASA and potential partners will discuss their desires
and intent and establish points-of-contact to facilitate the transfer of information. The purpose of
these steps is to begin building a relationship and gathering of the detailed information needed to
make a decision to pursue a particular partnership.

With the help of the DSS owner POC, more in-depth information will be collected and analyzed to
decide whether to make major investments in pursuing a specific DSS. Just as not all opportunities
will pass the Interest Criteria test, not all opportunities will pass the Pursue Criteria. As with the
interest decision, a set of Pursue Criteria has been developed for use in the decision process (Step 4)
as shown in Table 3. Scoring for the Pursue Criteria will be developed in FY2004. Many of these
criteria are very similar to the interest criteria. This process is ongoing and the data/information will
be dramatically enriched, especially since they will be based on detailed discussion with DSS owners.
As the process is refined the criteria lists might merge, BUT THE NEED FOR BOTH INTEREST
AND PURSUE DECISIONS WILL REMAIN CONSTANT.
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Having analyzed the DSSs of interest and decided which DSSs are worth pursuing, it may be
necessary to further down select to optimize NASA’s investment to those DSSs with the best
potential payoff. Resource availability will be the governing factor at this juncture.

Table 3. Initial proposed DSS Pursue Criteria.

Pursue Criteria

Fits NASA program (amplifies and refines earlier analyses, re: Appropriateness and program

considerations)

Funding/Fiscal feasibility

NASA Budget (Code YO)

DSS Budget (DSS Owner)

Stakeholders (Who is involved in DSS decisions beyond owners? What are the politics involved?)

NASA capability to meet DSS requirements

Probability of success

DSS

NASA science, data, technology and/or models for assimilation

NASA ARL meets DSS program plan

Partnering strategy is feasible

Dual-use potential (Is value for the proposed NASA science, data, technology and/or models in more

than one DSS?)

Potential socio-economic value

Developing a NASA pre-partnering and assimilation plan is the next step (Step 5). This plan can take
a variety of forms, but will commonly be a presentation developed to fuel discussion with potential
partners. This plan is essential because it provides the NASA AT with a starting position for the
formal partnering phase. This plan should detail NASA’s mission, goals, objectives, strategies, and
investment; e.g., how NASA believes the partnership could operate and how its observations and
predictions could be assimilated. This vision of the partnership’s future state will help NASA ensure
that both the partner agency and NASA’s desired outcomes are realized.

Until this point, contact with the DSS owner has been informal and has been conducted primarily
through the POC. Now the formal process for entering into a partnership and determining how the
assimilation process should proceed will begin (Step 6). While it should be rare given the preparation
provided by our front-end assessment, it is still conceivable that the owner and/or NASA will decide
to stop the venture and not partner (Step 7). Should the partnership proceed, the development of a
joint plan and agreement (Step 8) will precede the assimilation process (Step 9).
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5.1.3 Application Readiness Level

NASA’s desire is to show applicability of its data products to current and future national applications.
To facilitate this and to assist with planning and management of projects and investments, NASA
must develop a balanced portfolio of DSSs to be evaluated and enhanced. In this context, a balanced
portfolio will include DSSs that are easily and immediately enhanced as well as DSSs that will
require greater time and/or effort to enhance to ensure both short-term and long-term successes. A
significant step in the selection process (as described in Step 3 of Figure 10) is determining the
readiness of the DSS to accept NASA input as well as the readiness of NASA products to be
assimilated into the DSS. Together, these two readiness states form the Application Readiness Level
(ARL). Ultimately, the ARL is an indicator of when an enhanced DSS may be ready to support a
given National Application.

While selecting DSSs for assimilation, varying degrees of DSS developmental maturity will be
encountered. Five (5) maturity levels or developmental phases can be assigned to a given DSS:

1. Conceptual. During the initial phase, a statement of need or a requirements document is
developed.

2. Design. Concepts and requirements from the end user are used to identify data sources,
algorithms, constraints, operational environments, budget, and other parameters that will dictate
the development of the DSS. At this stage, alternatives to these parameters can still be introduced.

3. Development. In this phase, the parameters that were identified during the design phase are
integrated into a workable DSS.

4. Test/Demonstrate. Ideally, only minor changes should be made during this phase as the DSS is
tested and problems are encountered.

5. Operational. At this phase, the DSS is being used operationally. Typically, making changes to a
DSS in this phase will be difficult unless the DSS has been engineered in such a way as to accept
additional input.

Just as any given DSS has several maturity levels, the NASA products to be assimilated into the DSSs
have many Product Readiness Levels (PRLs). These PRLs can be assigned to one of four (4)
categories:

A. Not Planned. NASA does not currently plan this class of products. If the product is required, the
requirement can be made known to the Earth Science Technology Office for evaluation.

B. Planned. These products do not currently exist but will be available in the future. For example, a
dataset that will be provided by a future satellite mission and could be assimilated into the DSS
would be “planned.”

C. Current but Not Easily Assimilated. These products exist, but the candidate DSS cannot readily
accommodate the format, resolution, constraints, or some other parameter associated with the
product.
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D. Current and Easily Assimilated. These products currently exist and can be easily assimilated into
the candidate DSS. For this to be the case with an operational DSS, the DSS would have been
engineered to accommodate additional or alternative input, which is not necessarily true in most
cases.

For example, a given DSS’s developmental stage may fall anywhere between conceptual and
operational. Similarly, appropriate NASA products and models may or may not exist and may or may
not be readily assimilated into the DSS. None of these conditions is intrinsically good or bad; they
just give an indication of how much time, work, risk, and/or money may be required to assimilate
NASA products into the DSS.

Table 4 shows the various states of readiness that may be applied to an application. In this two-step
process, the DSS is first evaluated for its maturity level. If the DSS is still in a conceptual stage, one
may anticipate that it will be 2-6 years (or longer) before the DSS is operational, depending on the
complexity of the DSS. However, if the DSS were in a further stage of development, one would
expect a shorter wait for operational readiness. In the second step, the NASA products to be
assimilated are evaluated. If those products already exists and can be readily assimilated into the DSS,
an enhanced DSS may be available in a few months. But if the technology is planned for the future or
has to be developed, a corresponding delay to achieve an enhanced operational capability is
inevitable.

For example, if a DSS is operational, NASA products are available to enhance the DSS, and those
products are readily integrated into the DSS, the application readiness level would be 5D. At the
opposite end of the scale, if the DSS is in a conceptual stage and no applicable NASA products exist
or are planned, the application readiness level would be 1A. Of course, most DSS/PRL combinations
would fall somewhere between those two extremes. The indicated time frames in Table 4 (e.g., 1-3
years for ARL 3C) are STRICTLY NOTIONAL. It could be that a given ARL fits the 3B criteria, but
because of anticipated complexities, an enhanced DSS is not expected to be available for at least 5
years. Similarly, it may be possible for a given 1D ARL to be operational with NASA enhancements
in 2 years or less.

Table 4. DSS maturity and NASA product assimilation matrix with notional time frames.

NASA Product Readiness for Assimilation
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A.

Not Planned

B.

Planned

C.

Current;

Not Easily

Assimilated

D.

Current;

Easily

Assimilated

1. Conceptual >6 Years 3-6 Years 3-6 Years 3-6 Years

2. Design >6 Years 3-6 Years 3-6 Years 1-3 Years

3. Development >6 Years 3-6 Years 1-3 Years 0-1 Years

4. Test/Demonstrate >6 Years 3-6 Years 1-3 Years 0-1 Years
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5. Operational >6 Years 1-3 Years 1-3 Years 0-1 Years

Each combination of parameters yields a different path for NASA product and model enhancement to
the DSS—some of those paths being short and easy, and some being long and complex. Generally, as
the ARL designation moves from 1A to 5D, time, risk, cost, and effort can be expected to decrease.
Of course, increasing cost, risk, and/or effort may shorten the time factor. If one defines the ARL as
the time it takes for all the pieces to come together resulting in an enhanced DSS, the ARLs can be
summarized as immediate, short-term, mid-term, or long-term, as shown in Table 5.

Table 5. Application readiness levels summary.

Application Readiness Level Time to Realize Enhancement

Immediate 0-1 Years

Short Term 1-3 Years

Mid Term 3-6 Years

Long Term >6 Years

NASA’s balanced portfolio will have a strategic mix of each category, generating a continuous flow
of NASA-derived enhancements. Some DSS enhancements may yield immediate or short-term, low-
cost, low-risk, operationally oriented results. Such enhancements will be balanced with enhancements
that require more effort, higher risk, and visionary planning.

5.2 Evaluation, Verification & Validation, and Benchmarking Processes

A modified systems engineering approach (Figure 11) for the assimilation of NASA data into DSSs
allows NASA to quantify the impact that ESE data products and models have on the partner-owned
DSSs. The approach starts with three steps of the DSS selection process described in Section 5.1:
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(1) initialization from a pool of DSS opportunities cataloged as one-page DSS summaries, (2) first-
look assessments of the DSSs and identification of possible NASA inputs from observations and
predictions, and (3) a meeting between NASA and potential partner organization to explore the
concept of the partnership. The selection activities are dominated by NASA actions, but they cannot
be concluded without participation of the partner organization, as discussed in section 5.1.2.

After the decision to form a partnership is accepted and formalized, a joint team from NASA and the
partner organization begins establishing baseline status of the selected DSS and defining requirements
and specifications for the enhanced DSS. This work is focused on developing technical requirements
of the DSS and on understanding NASA’s ability to meet the DSS needs. When NASA's existing
ability does not meet the DSS needs, an application-specific NRA (NASA Research Announcement)
may be released to solicit solutions to meet the needs. These potential solutions will represent one of
the alternatives that NASA will investigate. When these tasks are completed, NASA proceeds with
design and implementation of a prototype for the DSS enhancements. This task is accompanied by
verification & validation and benchmarking of the prototype and allows for investigation of
alternative solutions to the DSS enhancement problem. The processes of V&V and benchmarking
used during this phase are the same as those described in section 2.4. The prototypical design and
implementation of the DSS enhancements will be continually and iteratively refined according to the
systems engineering principles (note feedback loops in the “Investigate Alternatives” box in Figure
11).
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Figure 11. Modified systems engineering approach.

After reviewing results of NASA benchmarking of the DSS enhancements, the partner organization
proceeds with assimilation of NASA data products into the partner’s operational environment. The
partner organization follows its own process for design, implementation, V&V, and benchmarking of
the enhanced DSS. The last step of that process, benchmarking, is optional and can be omitted when
the partner organization fully accepts the NASA benchmarking.
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Appendix A. Glossary

Benchmark – A standard by which a product can be measured or judged (i.e., How did the DSS that
assimilated NASA measurements compare in its operation, function, and performance to the earlier
version?). The benchmarking process is required to support adoption of innovative solutions into
operational environments that affect life and property.

Decision Support System (DSS) – a computer based information-processing system for scenario
optimization through multi-parametric analysis. A DSS utilizes a knowledge base of information with
a problem solving strategy that may routinely assimilate measurements and/or model predictions in
support of the decision making process. The DSS provides an interface to facilitate human inputs and
to convey outputs. Outputs from a DSS would typically be used for making decisions at the local
level and outputs from multiple DSSs may be used in establishing policy.

Decision Support Tool (DST) – a suite of solutions owned by NASA partners that are used in a
variety of problem domains for decision and policymaking. These solutions could include
assessments, decision support systems, decision support calendars, etc.

Evaluation – Identify decision support tools (assessments and DSSs) that have been developed by
Federal agencies and other partners that are a priority to citizens of our nation and that can be
enhanced by NASA ESE results. Develop the specifications for how the candidate DSS can be
augmented by assimilating NASA ESE observations and predictions.

Verification – A life cycle process to ensure the products being developed meet the stated
specifications (functional, performance, and design).

Validation – A process to ensure the completed products (software, algorithm, model) effectively
serve the functional requirements.





B-1

Appendix B. List of Acronyms and Abbreviations

Arbonet Arbovirus Surveillance Network
ARL Application Readiness Level
ASTER Advanced Spaceborne Thermal Emission and Reflection Radiometer
AT Assimilation Team
AVHRR Advanced Very High Resolution Radiometer
AWARDS Agricultural Water Resources Decision Support
AWIN Aviation Weather Information Network
AWIPS Advanced Weather Interactive Processing System

BASINS Better Assessment Science Integrating Point and Nonpoint Sources

CADRE Crop Assessment Data Retrieval and Evaluation a.k.a. Crop Condition Data Retrieval
and Evaluation

cal/val calibration and validation
CMAQ Community Multi-scale Air Quality modeling system
Code YO ESE Applications Division at NASA HQ

DAAC Distributed Active Archive Center
DDP Defect Detection and Prevention (Kaupp et al., 2003)
DMS Decision Making System (Kaupp et al., 2003)
DSS Decision Support System
DST Decision Support Tool

EA92 Energy Act of 1992
EOS Earth Observing System
EPA Environmental Protection Agency
EPHTN Environmental Public Health Tracking Network
ESA Earth Science Applications Directorate
ESE Earth Science Enterprise
ESTO Earth Science Technology Office
ET Evapotranspiration
ETM+ Enhanced Thematic Mapper plus

FAS Foreign Agriculture Service
FEMA Federal Emergency Management Agency
FY2003 Fiscal Year 2003

GIS Geographic Information System
GOES Geostationary Operational Environmental Satellite
GNOME General NOAA Oil Modeling Environment
GSD Ground Sample Distance

HAB Harmful Algal Bloom
HABMapS HAB Mapping System
HAZUS Hazards U.S.
HAZUS-MH HAZUS Multi-Hazard
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HDF Hierarchical Data Format
HDF-EOS HDF-EOS
HQ Headquarters

IEEE Institute of Electrical and Electronics Engineers
IR Infrared
ISFS Invasive Species Forecasting System
ISPRS International Society for Photogrammetry and Remote Sensing

Landsat Land Remote-Sensing Satellite
LDCM Landsat Data Continuity Mission

MMS Malaria Modeling and Surveillance
MODIS Moderate Resolution Imaging Spectroradiometer

NAS National Airspace System
NASA National Aeronautics and Space Administration
NOAA National Oceanic and Atmospheric Administration
NRCan Natural Resources Canada

PAGIS Protected Area Geographic Information System
PECAD Production Estimates and Crop Assessment Division
PM2.5 Particulate Matter less than 2.5 micrometer in diameter
POC Point of Contact
POES Polar Operational Environmental Satellite

REASoN Research, Education, and Applications Solutions Network
RETScreen Renewable Energy Technology Project Analysis Software
RiverWare River Basin Modeling Software

SAFESEAS System on AWIPS for Forecasting and Evaluation of Seas and Lakes
SSC Stennis Space Center
SPOT Satellite Pour l’Observation de la Terre
SVS Synthetic Vision System
SWAMP Spatial Wetland Assessment for Management and Planning

TM Thematic Mapper
TRMM Tropical Rainfall Measuring Mission
TVA Tennessee Valley Authority

USBR U.S. Bureau of Reclamation
USDA U.S. Department of Agriculture

V&V Verification and Validation
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Appendix C. DSS Criteria Considerations

C.1. INTEREST

This Appendix provides amplification concerning the use of the Interest Criteria outlined at Section
5.1.2 in this report. Its purpose is to present a framework for a consistent approach to compare the
relative value of DSSs and, thereby, facilitate decisions regarding which DSS presents the best
partnering opportunity. This framework is intended to be flexible and adaptable, not rigid in its
application.

Criteria Considerations (NOTE: It is very important to be consistent

in applying the criteria in order to compare DSSs equally.)

1. Fit DSS / DST definition

This is a “Go / No Go” consideration. Unless NASA’s guidance

directs otherwise, projects that do not fit the NASA DSS

definition should be dropped from further consideration at the

earliest possible time in the process.

2. Opportunity for partnership

Considering DSS ownership and stakeholders is another “Go /

No Go” proposition. If the likelihood of partnering is low, the

opportunity should be dropped before significant resources are

invested.

3. DSS Characteristics

• Current State Consider the state of the candidate DSS in terms of its lifecycle

based on the ARLs discussed in Section 5.1.3: Conceptual;

Design; Build; Test/Demonstrate; Operational. Based on the

assumption that assimilation is easier in earlier stages,

preference should be placed on DSSs that are early in the life

cycle

• Missions/Goals Consider the available DSS planning documentation. Is there a

complete plan in place? Are milestones in place? Is there a

stated mission? Are goals well defined and achievable? Are

objectives measurable? Is there a set of improvements that are

needed/desired? Essentially, determine if there is a complete

plan in place to help assess NASA’s risk threshold.

• Operational Concept This characteristic considers how the DSS will work in its

intended operational environment. Will it meet operational

requirements? Does the intended user community embrace the

need? Does the intended use fit NASA’s mission and goals?

• Required Outputs This consideration establishes the basis for NASA investment in

the DSS. The key question: Are the required DSS outputs such

that assimilation of NASA science, data, technology and/or

models into the DSS will add measurable value and be cost

effective?
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• Program plan The major program considerations are funding and milestones.

Key questions include: Is there a DSS program plan in place that

includes funding? Is the program plan timeline/milestone

schedule such that the NASA inputs to be assimilated will be

available?

4. Appropriate for NASA

• Compatible with

NASA mission

The compatibility of the DSS and its intended mission, purpose,

etc. with NASA’s mission, goals and objectives is an important

consideration. In order to assess compatibility, it is important to

pose questions such as: Will NASA investment in this DSS

expand and accelerate the realization of societal and economic

benefits from NASA Earth science, information and technology?

Will this investment likely yield measurable benefits from NASA's

Earth Science investments?

• Fits NASA investment

portfolio

This is a consideration that deals with feasibility. It is a weighted

factor. If NASA has not planned for investments of the size

required to partner with and enhance the DSS it should not be a

high priority target to pursue.

• National Applications

related

The first part of this consideration borders on “Go / No Go”. If the

DSS does not show potential for one of the 12 National

Applications, it may well be rejected. The question is: Does the

DSS show significant promise in resolving key issues identified

in the National Applications considered.

5. NASA technology meets

DSS requirements

• NASA has science,

data, technology

and/or models that

match DSS output

requirements

This consideration relates to requirements of the DSS. Would the

current planned state of the DSS in terms of meeting its

requirements be enhanced by assimilation of NASA science,

data, technology and/or models, and to what degree?

• NASA application

maturity/readiness

levels meet DSS

timelines

This consideration ensures that the NASA ARL (Section 5.1.3)

and DSS timelines are compatible.

6. Cost of participation to

NASA

• Time One cost consideration is time. Enhancing a DSS that requires a

shorter time investment may be preferable to a DSS

enhancement that will require a longer time commitment. NASA

may simply not want its scarce resources tied up for extended

periods of time.
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• Dollars Dollars are the driver. It may simply be too expensive to

participate regardless of the attractiveness of the DSS. This is

especially true in the case of unforeseen opportunities that aren’t

budgeted. Cost considerations include: manpower, equipment,

facilities and support activities such as travel and per diem. Best

estimates must be made and used in comparing alternative

opportunities.

7. Offers Measurable

Outcomes

The ability to quantify the result of assimilating a NASA input into

a specific DSS is an important consideration. How much will

users benefit from the DSS enhancement? Is there measurable

socio-economic benefit? This consideration is grounded in being

able to baseline (determine State 1 as defined by Kaupp et al.,

2003) the DSS before assimilation and benchmarking the

resultant enhancements to determine success (State 2, Kaupp et

al., 2003). Considerations include: manpower savings, value

stream mapping, enhanced decision quality information,

improved response times, etc. The specific considerations will

differ between DSSs.

8. Barriers (Hayden, 1986)

Consideration must be given to the amount of resistance that

may be encountered as we try to develop partnerships. Interest

may not be present at all levels and to the same degree. Current

owners and stakeholders may prefer the system as it is.

Generally, the more mature the system, the higher the entry

barrier because changing project direction is often expensive,

hence a cost barrier. Similarly, the DSS may be politically

sensitive or the partner agency’s policies may present barriers

and challenges. This consideration is linked to questions of non-

technical feasibility.

C.2. PURSUE

In addition to continuing to enrich the data/information available regarding the INTEREST
CRITERIA, above, the following criteria help resolve issues related to selecting DSSs most suitable
for assimilation of NASA science, data and/or technology.

Criteria Considerations (NOTE: It is very important to be

consistent in applying the criteria in order to

compare DSSs equally.)

Fits NASA program (amplifies and

refines earlier analyses, re:

appropriateness and program

Data/information regarding this criterion will be collected

and analyzed throughout the process. As in any

partnership, both parties should benefit. This criterion
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considerations) ensures a focus on direct benefits to a NASA Program.

Funding/Fiscal feasibility

• NASA Budget (Code YO)

If we obligate to a partnership, we should be sure the

Agency can follow-through on fiscal and other resource

commitments or cease efforts to pursue the activity.

• DSS Budget (DSS Owner)

It is necessary to ensure potential partners have the

budget to contribute to a mutually beneficial DSS/DST

collaboration.

Stakeholders (who is involved in

DSS decisions beyond owners?

What are the politics involved?)

DSS end-user stakeholders should be considered.

Stakeholders include State and Federal political

supporters, federal agency advocates, etc. Non-owner

stakeholders may be the final decision makers, and

NASA should be aware of their identity and intentions

before a large investment is made.

NASA capability to meet DSS

requirements

Early and frequent consideration must be given to the

ability of a NASA input to add significant value at an

appropriate time in the DSS development cycle.

Probability of success

• DSS

Will the DSS be successful without a NASA contribution?

How much will a NASA contribution enhance/enrich DSS

success?

• NASA science, data,

technology and/or models

for assimilation

Considering the probability of NASA science, data,

technology and/or models being successful sooner in the

assimilation process rather than later is essential to save

resources. It may be relatively simple to think of ways

NASA might upgrade DSS outputs. The real question is:

Can we prove that the assimilation will be successful

before committing significant NASA resources?

NASA ARL meets DSS program

plan

This consideration is designed to constantly evaluate

NASA’s ability to meet DSS timelines. It ensures that the

NASA ARL and DSS timelines are compatible.

Partnering strategy is feasible

Constant monitoring of the partnership agreement is

necessary to be sure that the interests of both NASA and

the partner agency are being met by the joint

collaboration.

Dual-use potential
Consider if the proposed NASA science, data, technology

and/or models have value for more than one DSS.

Potential socio-economic value

What will be the benefit to the taxpayer? How will the life

of the average citizen be enhanced? What are the

potential benefits to the US economy? The

considerations in this domain are myriad.
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Appendix D. One-page DSS Summaries
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Appendix E. First-look Evaluation Results
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